INTRODUCTION
Erythrocyte sickling is initiated by the polymerization of deoxyhemoglobin S. Although several derivatives of pyridoxal react with hemoglobin (Hb)l and inhibit polymerization of Hb S (1-3), none appear promising for clinical use because they are either B6 antagonists (e.g., deoxypyridoxal) or they contain polar side chains which limit entry into the erythrocyte (e.g., pyridoxal phosphate). In contrast, pyridoxal is a form of vitamin B6 which is actively transported into erythrocytes (4) . However, pyridoxal appeared unreactive (5) or reacted so slowly with a dilute solution of Hb S (3) that it was not tested for antisickling activity. Only 10% of Hb S The opinions or assertions contained herein are the private views of the authors and are not to be construed as official or reflecting the views of the Department of the Army or the Department of Defense.
Received for publication 3 July 1978. 1 Abbreviations used in this paper: AA, normal hemoglobin phenotype; CPD, anticoagulant citrate phosphate dextrose solution; Hb, hemoglobin; P50. the Po2 at which hemoglobin is half saturated; SS, homozygous hemoglobin S phenotype. was modified after erythrocytes were incubated with 3 mM pyridoxal (6) . In this experiment a large increase in oxygen affinity was noted. This suggested to us that pyridoxal did react extensively with Hb, but the adduct was dissociated in preparing hemolysates for electrofocusing. We therefore examined the effect of pyridoxal on the oxygen affinity of intact erythrocytes and on the percent sickled cells that result from exposure to low P02. Pyridoxal was compared to glyceraldehyde, another carbonyl compound which had defined antisickling activity (7, 8) , and with pyridoxine, the alcohol analogue of pyridoxal. Preparation of treated erythrocytes. Venous blood was drawn with informed consent from donors who had a normal Hb phenotype (AA) or a phenotype consistent with homozygous Hb S (SS), (9) . For investigation of antisickling effects, blood was drawn into anticoagulant citrate phosphate dextrose solution (CPD) and stored at 4°C for up to 6 days. Erythrocytes were washed three times and suspended at 10% hematocrit in phosphate buffer that consists of 145.4 mM NaCl, 4 mM KCI, 1.65 mM Na2HPO4, 0.16 mM KH2PO4, 11.1 mM D-glucose, and 50 mg/liter bovine serum albumin. Four reaction mixtures were prepared from each suspension; a control and mixtures with 20 mM pyridoxal, glyceraldehyde, or pyridoxine. The pH was adjusted to 7.4 and each mixture was adjusted to 290±2 mosmol, excluding the compound tested. Reaction mixtures were incubated in a shaking water bath at 370C in dim light for 90 min, transferred to shaking tonometers, and equilibrated for 30 min at 37°C with a humidified mixture of N2, 02, and CO2. The partial pressure of each gas was varied independently, with an Ohio Medical Products anesthesia machine with modified fittings (Ohio Medical Products Div., Madison, Wis.). Before and after equilibration, the pH and Po2 were measured in a Coming 161 Blood Gas Analyzer (Coming Medical, Coming Glassworks, Medfield, Mass.) and cells were drawn anaerobically into cold 1% buffered glutaraldehyde at pH 7.4. To eliminate the effect of CPD or buffer on erythrocyte oxygen affinity, this ex- (13) . Cells from three experiments were prepared for transmission electron microscopy (14) . Thin sections were stained with lead citrate and uranyl acetate, examined, and photographed in an AEI EM 8 electron microscope (AEI Scientific Instruments, San Diego, Calif.). RESULTS Effects on whole blood oxygen affinity. The effects of pyridoxal, glyceraldehyde, and pyridoxine on the oxygen affinity of whole blood are shown in Fig. 1 and analyzed in Table I . Pyridoxal produced a much greater left shift in the oxygen dissociation curves than glyceraldehyde. Pyridoxine had no effect on oxygen affinity.
METHODS
Effects on erythrocyte sickling. The relation between percent sickling and Po2 was determined for erythrocytes drawn in CPD and suspended in buffer (Fig. 2a) . Pyridoxine had no effect on sickling. Plots for pyridoxal and glyceraldehyde were identical, with significant reduction in sickling (pyridoxal, P < 0.001; glyceraldehyde, P < 0.03, the sign test). In paired experiments on blood from five patients, the antisickling activity of pyridoxal (percent sickling, mean+±SD, 7.8±6.4%) and glyceraldehyde (19.2±20.4%) were not significantly different (P < 0.3, paired t test). The relation between percent sickling and Po2 was not altered by use of heparinized whole blood (Fig. 2b) Scanning electron micrographs of representative samples (Fig. 3) confirmed the differences in degree of sickling noted by interference microscopy.
Effects on Hb S fiber formation. In transmission electron micrographs, untreated samples had a much higher proportion of cells that contain intracellular fibers characteristic of Hb S polymers (12) than did (6) , and salicylaldehyde (6) . These results suggest that the antisickling activity of pyridoxal may be equivalent to the activity ofthese three agents and greater than that ofcyanate (6) .
